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LONG TERM GOALS

The long-term goal of this project is to develop fast and accurate methods for geoacoustic inversion,
localization, and detection by combining the physics of sound propagation in the ocean and principles
of signal processing.

OBJECTIVES

1. Develop robust, computationally efficient methods for spatially and temporally coherent inversion.
2. Develop methods for passive localization and inversion of environmental parameters that select

features of propagation that are essential to model for accurate inversion.

APPROACH

The investigator’s work on coherent matched-field processing has demonstrated the benefit of that
approach over conventional, incoherent matched-field processing when the source spectrum is well-
known.  The benefit comes at the cost of substantial computational overhead.  Preliminary work with
data from the SWellEX-96 experiment showed that matching estimates of the ocean impulse response
to replica impulse responses is a coherent matched-field approach, significantly more efficient than
traditional coherent time-series matching but with comparable results.  The investigator identified
procedures to extract the ocean impulse response from recorded data for use in matched-impulse
response processing.

The investigator also studied the possibility of feature extraction from (synthetic) received time-series
for the development of algorithms for fast, accurate localization and inversion for environmental
parameters.   Some preliminary results were obtained by performing multipath arrival identification for
source localization and multipath amplitude estimation for sediment property inversion.

RESULTS

The quality of the estimate of the ocean impulse response was found to depend on the source
characteristics (frequency content and modulation) and the methods used for the deconvolution of the
impulse response from the received time-series.  In the presence of lfm sources a simple
crosscorrelation was found adequate for impulse response extraction.  For hfm source sequences,
Wiener deconvolution with singular value decomposition was preferable for robust impulse response
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extraction.  It was concluded that the nature of the source sequence should dictate the method to use
for optimal impulse response extraction.

The impulse response estimation methods were tested on the SWellEX-96 data.  Once estimates of the
ocean impulse response were extracted, they were employed in matched-impulse response processing.
Source localization was performed successfully with 1 km data using this approach [1].  For the same
range, properties of the seafloor sediment were also inverted for and the estimated values were found
compatible with results obtained from other inversion methods applied to data from the same site  [2].
The incoherent Bartlett processor gave very similar estimates to the matched-impulse response
processor for the 1 km data.

Inversion using the same approaches was also performed using further range (8.5 km) data from the
SWellEX-96 experiment.   The matched-impulse-response-processing scheme was applied under the
(erroneous) assumption of range independence.  Source location results obtained with this method
were very good (Figure 1 (a)); results from the incoherent broadband Bartlett processor under the same
assumption of range independence were highly ambiguous (Figure 1 (b)).

The feature selection process was very successful with synthetic data where time arrivals were
estimated from received time series using correlation calculations [2].  The time arrivals of a few paths
were selected and the relative path arrivals at the same phone and across separated phones were used
for source localization.   Mostly short-range cases were examined.  The paths of choice were the direct
and first surface bounce, which do not interact with the ocean bottom.  Therefore, lack of accurate
bathymetry information and/or modeling does not affect the estimation results.  The quality of the
results depended on the uncertainty in the time arrival measurements and the number and position of
receiving phones.  The method developed in this project extended the approach presented in [4], where
inversion was performed using a linearized relationship between source and receiver locations and
direct time arrivals.

IMPACT

The matched-impulse response processing method requires only a short implementation time and can
be used efficiently as a robust alternative to incoherent matched-field processing especially in active
problems where the source sequence is well-known.   The data filtering implied by the feature (time
arrival, amplitude) selection from received time-series is expected to simplify passive, broadband
matched-field inversion without a penalty in the quality of the estimates.  It is also expected to lead to
successful, fast tracking algorithms that will estimate change of position by measuring the changes in
the selected features.  Multipath feature selection is suitable to high-frequency broadband data and can,
therefore, be applied to the localization and tracking of marine mammals producing short, high-energy
vocalizations such as clicks.



Fig. 1: Ambiguity surfaces computed with (a) matched impulse response processing and (b)
incoherent broadband Bartlett processing of SWellEX-96 data. The matched-impulse response

processor gave an estimate of 56 m and 9.2 km for range and depth.  The correct source location
was approximately 56 m in depth and 8.6 km in range.  The error in bathymetry modeling appears to

be the reason for the range shift in the matched-impulse response processing results. The
incoherent Bartlett processor did not identify the source location correctly.
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